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© A passive test probe apparatus 100 is disclosed which provides high impedance and a relatively flat 
frequency response over a wide bandwidth. The probe apparatus 100 uses standard, non-lossy coaxial cable 
130. The probe apparatus 100 employs a low capacitance probe tip 1 02 designed to minimize stray probe tip 
capacitance. The probe apparatus 100 uses a front-end (tip) resistor R r in series with a conventional RC tip 
network 240. The tip resistor R, provides two functions: First", it establishes a minimum tnpur impedance. f of t he 
probe input, and secondly, it provides approximately 80% of the high frequency attenuation when working into 
the cable characteristic impedance. In addition, a technique is described for determining an optimum length of 
coaxial cable 130 to be used in the probe apparatus 100. When' the cable length is selected in accordance with 
the present invention, the crossover dip and other transmission line signal distortion effects are minimized. 
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BACKGROUND OF THE INVENTION 



1. Field of the invention 



5 This invention relates to electrical test probes, and more specifically, to a high impedance, wide 

bandwidth probe, for use with logic analyzers, oscilloscopes, and other electronic test instruments. 

2. Statement of the Problem 

;o Electrical test probes are used to transmit a signal voltage from a circuit under test to an electronic test 
instrument, such as a logic analyzer. There are two desirable electrical characteristics for test probes: First, 
the signal response at the test instrument should be an accurate (although attenuated) representation of the 
probed signal" over the range of frequencies of interest. Second, the probe should not influence, or "load" 
the output from the circuit under test. In order to provide these characteristics, a probe should exhibit both 

i5 high resistance and low capacitance. A high probe resistance allows relatively little of the output current to 
flow through the probe, thereby minimizing any loading effect of the probe on the circuit under test. The 
frequency response of a probe is dependent upon the capacitance of the probe in parallel with the 
resistance of the circuit under test. Capacitive reactance varies as a function of frequency, causing the 
impedance or the- probe to fail as the applied frequency increases. The effective bandwidth of prior art 

20 probes has thus been limited by probe capacitance. Minimizing the probe tip capacitance has been seen as 
a solution to increasing the effective bandwidth of a probe. Compensating for probe capacitance has been 
attempted by using active electronics in the probe tip. but with the drawback of a bulky and easiiy damaged 
probe tip. which also requires additional components as well as a source of electrical power. 

Passive probes are those which do not require electrical power for their operation. Prior art passive 

25 probes typicalJy use either standard coaxial cable with a center conductor having low OC resistance, or 
"lossy line" coaxial cable having a significant distributed series resistance. A probe using lossy line cable is 
disclosed in U.S. Patent No. 2.883.619. to Kobbe, et al. Most passive probes can be characterized as 
having three basic elements: a tip network, a section of cable, and a terminating network. These elements 
are connected in series and, when properly designed, provide a frequency compensated attenuator with a 

30 relatively flat response across a given frequency range. For both DC and low frequency AC signals, the 
frequency response of the probe is primarily a function of the tip and terminating networks (plus any DC 
resistance contributed by the cable). However, when the risetime of the input signal applied to the probe 
becomes a substantial fraction of the wavelength of the probe cable, the cable becomes a transmission line 
of substantial electrical length terminated at both ends with an impedance other than the characteristic 

35 impedance of the line. This mis-termination causes reflection of the input signal from the ends of the cable, 
resulting in unwanted distortion of the signal. The reflected signal not only results in a frequency response 
. which is far from flat, but also causes a damped oscillation effect, called "ringing," when a square wave or a 
fast risetime signal is applied to the probe input. It would appear that a solution to the signal reflection 
problem would be termination of both ends of the cable with its characteristic impedance in order to absorb 

-io such reflected energy. The impedances required, however, are so low that they either unduly load the 
circuit under test or result in excessive attenuation. In addition, as shorter lengths of cable are used, signal 
energy reflected from the mis-terminated ends of the cable results in a phenomenon called "crossover dip." 
The input signal is reflected from the termination and travels back toward the signal input node, and is 
reflected back from the input node. Crossover dip results from the arrival, at the input node, of this reflected 

^5 signal at a point in time after the original signal falltime amplitude has dipped below a desired value. The 
reflected signal then belatedly reinforces the falling amplitude signal, resulting in a non-flat signal response. 

In addition to these problems, prior art probes exhibit certain undesirable characteristics specific, to the 
apparatus used to implement the probe, when used over a wide frequency range. Two types of passive 
probes are representative of the prior art: a low impedance probe using standard (non-lossy) coaxial cable. 

so and a relatively high impedance probe using lossy line coaxial cable. 

The first type of prior art probe typically uses standard, low loss coaxial cable with a single resistor ("tip 
resistor") connected to the input end of the cable. A terminating resistor with a value equal to the 
characteristic impedance of the cable is connected to the cable output end. The input impedance of the 
probe is the sum of the tip resistor and the characteristic impedance of the cable, typically, 500 ohms for a 

55 probe with an attenuation factor of 10 ("10X probe") using 50 ohm coaxial cable. The characteristic 
impedance of the cabie used is generally a maximum of 1 00 ohms, and therefore, a 10X probe using 1 00 
ohm cable typically has only a IK ohm input impedance. This type of probe maintains this input impedance 
at high frequencies: however, because this impedance is relatively iow. the application of this probe is 
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limited to probing low impedance circuits. 

A second type of prior art probe utilizes lossy coaxial cable. Although this type of probe has a high 
impedance at DC, its effective bandwidth is limited due to the lossy nature of the cable and its high input 
capacitance. The bandwidth of a typical lossy cable probe is 200 megahertz (Mhz), with an upper limit of 
5 approximately SOOMhz. A second limitation of this type of cable is low input impedance. The input 
capacitance, which is generally in the range of 6 picofarads (pF) to 10 pF provides only 31 ohms to 53 
-ohms of capacitive reactance in parallel with the high input resistance. The result is low input impedance at 
high frequencies. In addition, the lossy cable is relatively expensive as compared to standard coaxial cable. 
The above problems with prior art probes are compounded by stray tip capacitance resulting from plate 
to effect capacitance due to the capacitive interaction between the probe tip components and the grounded 
shield typically encompassing the tip network section of a typical probe. This stray capacitance further 
reduces the input impedance of the relatively low input resistance. 

3. Solution to the Problem 

/5 ' — — — 

The apparatus of the present invention solves the above problems by providing a passive, high 
impedance probe which has a relatively flat frequency response over a wide bandwidth. The present 
invention has several novel features, each of which provides an improvement over the prior art. One novel 
feature of the invention is a low capacitance probe tip designed to minimize stray probe Up capacitance. 

20 Another novel feature is the use of a front-end (tip) resistor in series with a conventional RC tip network. 
This front-end resistor provides two functions: First, it establishes a minimum input impedance for the probe 
input, and secondly, it provides approximately 30°'o of the high frequency attenuation when working into the 
cable characteristic impedance. 

Yet another novel feature of the invention is the use of a standard, non-lossy coaxial cable. The use of 

25 standard coaxial cable is made possible because of the high frequency attenuation provided by the tip 
resistor, thus obviating the need for lossy cable. Any length of cable can, be used, as long as the AC 
terminating capacitance is approximately twice the cable capacitance, and the cable length is properly 
selected. When the cable length is selected in accordance with the present invention, the crossover dip and 
related transmission line signal distortion effects are minimized. These signal distortion effects include 

jo "overshoot," which is the result of signal voltage increasing very rapidly to substantially the voltage applied 
to the input of the probe, which voltage is much higher than the desired attenuated voitage at the output 
end of the cable. The use of standard coaxial cable provides a significantly less expensive alternative to 
lossy cable. 

In addition, the terminating network of the present invention contains two resistors in series with the 
35 terminating capacitor which add togeth er to provide an. impedance, match with, the cable. These resistors are 
split to provide the additional 20% of the high frequency attenuation when the signal output is taken from 
their common node. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. I is a block diagram of the probe apparatus according to the present invention, showing the 
relationship between a circuit under test, the probe tip assembly, a coaxial cable, the terminating network 
and a test instrument: 

FIG. 2 is a diagram of the probe tip assembly: 

-*5 FIG. 3(a) is a graph showing substantial crossover dip as a result of non-optimal probe cable length: 

FIG. 3(b) is a graph showing the time relationship between a primary input signal and a component or 
the input signal reflected from the termination end of probe cable having near-optimal length: 
FIG. 4 is a diagram of a complete model of the circuit of the test probe apparatus: 
FIG. 5 is a diagram of a DC model of the test probe apparatus: 

50 FIG. 6 is a diagram of a mid-band model of the test probe apparatus: 

FIG. 7 is a diagram of a high frequency model of the test probe apparatus: and 

FIG. 3 is a graph showing probe impedance versus signal frequency for two versions of the probe of the 
present invention and a prior art standard coaxial cable probe. 

55 DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is a block diagram of one embodiment of the probe apparatus 1 00 of the present invention, 
showing the relationship between a circuit under test 104, the probe tip assemoly 101. a coaxial cabie 130. 
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the terminating network 140 and a test instrument 150. In order to observe a signal in a circuit under test 
104. the probe tip 102 of the test probe apparatus 100 is connected to an appropriate circuit contact point. 
The signal is then detected by the probe tip 102. transmitted through the probe apparatus 100. and output, 
to an electronic test instrument 150, for example, a Hewlett-Packard logic analyzer model no. 16517. The 
5 probe apparatus 100 is comprised of a tip assembly 1 0 1 , a coaxial cable 130. and a termination network 
140. The tip assembly 101 contains a probe tip 102 and tip network 1 10. The input of the tip network 1 10 is 
connected to the probe tip 102. and the tip network 1 10 output is connected to one end of the coaxial cable 
130. The other end of the coaxial cable 130 is connected to the input of the termination network 140, and 
the termination network 140 output is connected to the test instrument 150. 

?o 

1. Probe Tip Architecture 



FIG. 2 is a drawing (not to scale) of the probe tip assembly 101. The probe tip assembly 101 is 
comprised of a probe tip 102 and a tip network 110 contained inside of a non-conductive probe tip 

/5 assembly housing 200. The approximate dimensions of the tip assembly 101 are: overall length 1 = 25mm. 
probe tip length tl = 12mm, height h = 7mm. and thickness (not shown) = 2mm. The tip network 110 is 
comprised of a resistive element ("tip resistor") R t connected between the probe tip 102 and one end of a 
parallel resistor-capacitor (RC) subnetwork. The other end of the RC subnetwork 240 is connected to the 
coaxial cable 130 -and a ground pin 250. The RC subnetwork 240 consists of a capacitor C c in parallel with 

20 a resistor R c . The housing 200 also contains a ground pin 250 which is connected to the cable shield 260. 

The probe tip assembly 101 is designed to minimize stray tip capacitance by placing the tip resistor R, 
as close as possible to the circuit being probed, while extending the resistor R, as far as possible from the 
ground printed circuit trace of the tip RC subnetwork 240. thereby reducing stray capacitance due to plate 
effect capacitance between the resistor R, and probe tip ground. The probe tip 102 is also located as far as 

25 practical from the probe tip assembly ground pin 250. Stray capacitance is furtfier reduced by constructing 
the probe tip assembly housing 200 from non-conductive material, and avoiding ihe use of ground shielding 
in the probe tip assembly housing 200. This reduction in stray capacitance is a significant factor in 
increasing the probe bandwidth. 

30 2. Probe Operation 

During operation of the probe, an output signal from the circuit under test 104 is applied via the probe 
tip 102 to a probe tip network 110. The probe tip network 110 is comprised of a tip resistor R, having a 
value of. for example, 500 ohms, in series with a parallel resistor-capacitor (RC) subnetwork 240. the RC 

35 (sub)network being well-known in the art. Typical values of the RC subnetwork 240 components are 90K 
ohms resistance and 3 picofarads capacitance. The resistor R c in the RC subnetwork 240 provides both 
signal attenuation and high input resistance at low frequencies. The RC subnetwork capacitor Cc provides a 
capacitive divider attenuation function at higher frequencies. The embodiment of the invention described 
herein is a 10X probe: that is. the probe output is a replication of the input signal, with the signal voltage 

:o attenuated by a factor of 10. 

The major part of the high frequency attenuation is accomplished by the 500 ohm tip resistor R t . At DC 
and low frequencies, the 90K ohm tip resistor R, plus a 10K ohm shunt resistor R S3 in a terminating network 
140 (described later) provide a total of 100.5 K ohm impedance. Due to the AC response of the tip network 
capacitor Cc, the impedance starts to decrease above 1 megahertz, and reaches its minimum value of 500 

-s ohms, attributable to the tip resistor R !t at approximately 100 megahertz. 

The probe tip network 1 10 is connected to a coaxial cable 130 having, for example, a 120 ohm 
impedance. As the risetime of the signal being probed becomes less than the cable delay time, the cable 
130 begins to act as a transmission line.FlG. 4 shows a complete model of the circuit of the test probe 
apparatus, including the terminating network 140. The probe cable 130 is terminated in a network 140 

so comprising a series resistor R SJl both ends of which are shunted to ground. The series resistor R$i end 
connected to the cable 130 is shunted through resistor R S 3- The other end of the series resistor R ST is 
shunted through a resistor R S2 and capacitor C s in series. Typical values are 58 ohms for resistor R S ;. 10K 
ohms for resistor R S 3. 62 ohms for resistor R S 2* and 15 picofarads for capacitor C s . The terminating network 
140 serves several purposes. First, the network terminates the cable 130 for high frequency signals. 

=5 Secondly, the two resistor combination R S i. Rs2 provides additional high frequency attenuation. In addition, 
by selecting the value of the capacitor C s to be greater than the cable capacitance, the tip network 110 
stabilizes the output node impedance to the point where, after the first reflection, the cabie 130 no longer 
influences the output voltage so as to cause high frequency ringing. Finally. Resistor R SJ , working with 
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resistor R r , provides DC signal attenuation. 

FIG. 3(a) is a graph showing substantial crossover dip as a result of non-optimal probe cable length. 
After an input square wave or pulsed signal reaches a peak voltage 310. the signal begins to decay 
exponentially. The signal then dips to a minimum "crossover dip" value 320. at which point a reflected 

5 component of the signal belatedly reinforces the signal, causing the signal to rise abruptly before settling to 
a nominal voltage 340. FIG. 3(b) is a graph showing the time relationship between the primary input signal 
350 and a reflected component 360 of the input signal 350 in a probe cable 130 having near-optimal length. 
The input signal 350 applied to the probe tip 102 is carried by the coaxial cable 130 to the terminating 
network 140 where a component of the input signal is reflected from the termination 140. This reflected 

;o signal component travels back to the signal input node 250 where it is again reflected back from the input 
node 260 toward the termination network 140. In the probe of the present invention, the cable length is 
adjusted so that this second signal reflection 360 reinforces the primary input signal 350 during the first 
waveform transition of the input signal 350 at the point in time where the primary signal failtime amplitude is 
equal to the input signal voltage E, n divided by the desired attenuation factor (here. E IM . 10). With the cable. 

is length properly selected, the reflected signal component 360 is summed with the decaying primary input 
signal 350, to produce a resultant signal 380 starting at time t. The time relationship between the primary 
input signal 350 and the reflected signal component 360 is such that crossover dip 370 is minimized, and 
the resultant signal 380 is relatively flat. In the present example, since the desired attenuation factor is 10. 
the reflected signal 360 should begin to reinforce the primary signal 350 when the primary signal amplitude 

20 is E,„ 10. The length of the cable 130 is a function of the required input impedance and required attenuation, 
and the length of cable 130 which will minimize crossover dip 370 may be approximated by the function: 

x length caw « $ C c k 



35 where: 

Ccobie = cable capacitance, 

length cable = cable length in feet. 

C c = capacitance of the RC subnetwork capacitor, and 

k = 0.3, for a 10X probe. 
jo Calculation of probe cable length is described in more detail below. 

In order to describe the wideband operation of a 10X passive probe, performance of the probe can be 

categorized into three frequency bands - DC-low frequency (f < IMhz). mid-band (IMhz < f < lOOMhz), 

and high-frequency (f > lOOMhz) [where f = frequency of the signal being probed]. FIG. 4 shows a 

complete model of the probe circuit of the present invention. FIGS. 5 through 7 each show the probe sub- 
25 circuitry which is effective in a given frequency band. 

3. DC/Low Frequency Operation 

FIG. 5 shows the effective DC'low frequency probe circuit. Given that a minimum DC input resistance of 
40 100K ohms (fl) is required. The values of tip network resistor R c and terminating network resistor R S3 can 
be calculated: 



(1) R C -R S3 = 100KQ 



45 



(2) 



Ga in = 



= 0.1 



50 Therefore: 

(3) R c = 90KQ and R sn = 10KQ 
4. Mid-Band Operation 



FIG. 6 shows the effective probe circuit at mid-band frequencies. Given a 10" length of standard 120 
ohm coaxial cable 130. the typical cable capacitance is approximately 9 picofarads (pF). The terminating 
network capacitor C s value should be substantially greater than the cable capacitance, for example. 15 
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picofarads. At mid-band frequencies the probe apparatus 100 assumes the characteristics of a frequency 
compensated capacitative divider circuit. The value of tip network capacitor C c can now be calculated: 

(1) R c Cc = (Ccoble + Cs) Rs3 

(2) 90KQ C c = (9pF + 15 pF) (10kQ) 



90KH 

(4) C c = 2.67 pF 

is Allowing for an additional 10% midband gain: 

(5) C c = 2.67 pF x 1.1 - 3 pF 
5. High Frequency. Operation 

20 

FIG. 7 shows the effective probe circuit at high frequencies. For purposes of example, a probe with an 
attenuation factor of 10X has been selected, which corresponds to a "gam of 0.1. The characteristic 
impedance. Zo, of the selected probe cable 130 is 120 ohms, but cables having other impedances such as 
50 ohms or 100 ohms may also be used and still provide the advantages of the present invention. A tip 
25 resistor R t value of 500 ohms has been chosen for the described embodiment, but this vaiue can be 
increased or decreased and the resulting probe still falls within the scope of the present invention, within the 
limits of the corresponding parameters. The following parameters are thus given: 



.70 



(1) Gain = 0.1 

(2) Zo = 1200 

(3) R, = 500Q 

35 Values for R SJ and R S 2 can now be calculated: 

(4) R S1 + R S2 = Zo 



-!5 



(5) GAIN, F ^ =0.1 



Solving equations (4) and (5) produces: 

(6) R S1 = 530 and 

(7) R S2 620 

o 6. Cable Length Determination 



First of ail. it is assumed that the cable 130 should have an AC line termination in order to maintain high 
DC input resistance. In addition, a vaiue for the termination network capacitor C s is selected which is 
approximately 2 times that of the cable capacitance. This value is chosen to stabilize the output node from 
significant transmission line effects after one wavefront transition. 

A fast rise time square wave signal applied to the probe cable 130 can be represented by the equation: 
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1 ) 



~0 



where: 




E„ = 


input signal voltage 


Zo = 


cable characteristic impedance = 1200. 


R. = 


tip resistor resistance = 500Q, 


C c = 


tip network capacitance = 3pF. and 


t = 


elapsed time 



Substituting the known values into (1) yields: 



/s 



(2) 0 . 19E. e 



(1 . 36 x 10"*) 



in 



20 The equation for the voltage at the end of the cable 130 terminated with 120 ohms and 15 picofarads is: 



25 



(3) 0.19E in [e u-M""-»> j [2-e (Z °J 



1 L . ~ (Z a *R S2 +R sa ) (C s 



Solving the equation for t. where E u) = 0.1 (for 10X attenuation) yields: 
:;o (4) t = 1.8 ns (nanoseconds) 

This is the point in time where the reflected signal must reinforce the decaying amplitude of the original 
signal in order to minimize the crossover dtp. Since the signal must travel two cable lengths in time t (from 
the input end of the cable 130 to the output end. and back to the input end), the cable length required is 
35 that which will delay the signal by one half of this two-way transit time. Therefore: 

(5) Ue-wny = t'2 = 0.9 ns 

Given a signal propagation velocity through the cable 130 = 0.09 ns-inch, the cable length required to 
40 minimize the crossover dip equals: 



(6) . = 10 inches 

0 . 09ns/ inch 

-5 

The general equation for the length of coaxial cable 130 required to minimize crossover dip is: 

so z r - ^ i r 2vi i 



55 where: 

G = probe apparatus 100 gain (1 /probe attenuation), 

signal propagation velocity through the cable 130 in nanoseconds per unit length. 



v = 

and 
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1 = length of the cable 130 in units. 

FIG. 8 is a graph showing probe impedance versus signal frequency for two versions 810.820 of the 
probe of the present invention and a prior art standard coaxial cable probe 830. Version 810 is the 
embodiment of the probe described in the examples above, the version 810 having the series resistance of 

5 low-frequency-effective resistors R c and R S a equal to 100K ohms, and a tip subnetwork RC capacitance C c 
of 3 pF. Version 820 is an embodiment of the present invention having a series resistance of low-frequency- 
effective resistors R c and R S 3 equal to 10M ohms, and a tip subnetwork RC capacitance C c of 3 pF. It can 
be observed that both the prior art 50 ohm probe 830 and both depicted embodiments 810.820 of the 
present invention maintain high input impedance (500 ohms) at high frequencies. However, the 50 ohm 

io probe 830 shown in the graph exhibits much lower impedance at low frequencies than probes designed in 
accordance with the present invention. Prior art probes can be designed to have higher impedance at lower 
frequencies (than the shown probe 830) but with a corresponding reduction in their impedance at higher 
frequencies. The probe apparatus of the present invention combines the more favorable aspects of the prior 
art with respect to high impedance across a wide bandwidth, while using standard coaxial cable. 

is It is to be expressly understood that the claimed invention is not to be limited to the description of the 
preferred embodiment but encompasses other modifications and alterations within the scope and spirit of 
the inventive concept. 

Claims 

20 

1. Passive test probe apparatus 100 comprising: 

means for receiving an input signal from a circuit under test 1 04. said receiving means including a 
probe tip 1 02 correctable to said circuit under test 104. a resistive element and an RC subnetwork 
25 240. said RC subnetwork 240 having a first end and a second end. s5id resistive element being 
• connected between said first end of said RC subnetwork 240 and saud probe tip 102. said RC 
subnetwork 240 including a resistor R c and a capacitor C c connected in parallel; and 

a low loss coaxial cable 130, said cable 130 having a first end and a second end, said first end of 
said cable connected to said second end of said RC subnetwork 240. said cable 130 having a length 
30 which is determined by a required probe input impedance and a required attenuation, so as to minimize 

crossover dip. 

2. The apparatus of claim 1 , further comprising: 

35 means, connected to said second end of said coaxial cable 130. for terminating said input signal. 

3. The apparatus of claim 1. wherein said resistive element has a resistance at least as great as a 
required minimum input resistance of said test probe apparatus 100. 

-to 4. The apparatus of claim 1 , wherein said receiving means further includes: 

a non-conductive housing 200 having a main section and a tip section, said main section having a 
front end. a top. and a bottom, said tip section protruding outward from said front end of said mam 
section at said top thereof, said main section or said housing 200 containing said resistive element and 
-5 said RC subnetwork 240. said resistive element being located in close physical relation to said front 
end and said top of said main section of said housing 200. said second end of said RC subnetwork 240 
being connected to a ground pin 250. said ground pin 250 being located in abutting relation to said 
bottom of said housing 200. said probe tip 102 being located entirely within said tip section of said 
housing 200. 

so 

5. The apparatus of claim 1, wherein said coaxial cabie 130 has a length such that crossover dip is 
minimized, said crossover dip being the resuit of a sum of said input signal and a component of said 
input signal, said component being reflected a first time, from said second end of said coaxial cable 
130. and then reflected a second time, from said first end of said coaxial cable 130. during the first 
55 waveform transition of said input signal, said crossover dip being minimized by selecting said length of 
said coaxial cable 130 so that said second time reflected component of said input signal reinforces said 
input signal at a point in time where the input signal failtime amplitude is equal to the voltage of saia 
input signal divided by said required attenuation. 
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6. The apparatus of claim 1 , wherein said required attenuation is equal to said voltage of said input signal 
divided by 10. and said coaxial cable 130 has a length determined by the function: C r , blP X lengthy < 
C c k. where C r . IllllH equals cable capacitance per unit length. length Ci)hJe equals said length of said cable 
130 in said units, C c equals the capacitance of said RC subnetwork 240 capacitor, and k is a factor 
determined by the characteristic impedance of said cable 130 and said required attenuation. 

The apparatus of claim l, wherein said required attenuation is equal to said voltage of said input signal 
divided by 10. and said coaxial cable 130 has a length determined by a function wherein said length of 
said cable 130 <n units is approximately equal to the capacitance of said capacitor C c in said RC 
subnetwork 240 divided by the product of 0.3 and the capacitance of said cable 130 oer said unit of 
length. 



7. 



The apparatus of claim 1, wherein said probe apparatus 100 is terminated in a resistance having a 
value R S1 + R S2 shunted to ground, and said coaxial cable 130 has a length determined by the 



8. 

is equation: 



JO 



30 



35 



- Z 0 +R c ia L J r e J 

where G equals the gain of said probe apparatus. E„, equals the voltage of said input signal, e is the 
natural logarithm base value. Za equals the characteristic impedance of said cable 130, R t equals the 
resistance of said resistive element in said receiving means, C c eqaais the capacitance of said 
capacitor C c in said RC subnetwork 240, v equals the signal propagation velocity through said cable 
130 in nanoseconds per unit length, and 1 equals said length of said cable 130 in said units. 

9. The apparatus of claim 2. where\n said terminating means includes: 

two resistors R S1 , R S2 connected in series, said two resistors also connected in series with a 
capacitor C s having a value substantially -greater than the value of the capacitance of said coaxial cable 
1 30. 

10. A method for probing a signal in a circuit under test 104 comprising the steps of: 

receiving said signal from said circuit under test 104 in a probe tip assembly 101 that includes a 
probe tip 102 connectable to said circuit under test 104. a resistive element and an RC subnetwork 
240. said RC subnetwork 240 having a first end and a second end. said resistive element being 
connected between said first end of said RC subnetwork 240 and said probe tip 102. said RC 
subnetwork 240 including a resistor R c and a capacitor C c connected in parallel: 

transmitting said signal through a length of low loss coaxial cable 130. said cable 130 having a first 
end and a second end. said cable 130 having a length such that crossover dip is minimized, said 
crossover dip being the result of a sum of said signal and a component of said signal, said component 
■* being reflected a first time, from said second end of said coaxial cable 130. and then reflected a 
second time, from said first end of said coaxial cable 130. during the first waveform transition of said 
signal, said crossover dip being minimized by selecting said length of said coaxial cable 130 so that 
said second time reflected component of said signal reinforces said signal at a point in time where the 
signal fallt.me amplitude is equal to a voltage of said input signal divided by a required attenuation 
so value: and 

outputting said signal which has been transmitted through said coaxial cable 130 to a test 
instrument 150. 
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